Purpose Head and neck cancers are the third most common cancers worldwide. Oral mucositis is the most common toxicity seen in patients who receive chemoradiation to treat head and neck cancer. The aim of this study was to evaluate the efficacy and safety of oral glutamine supplementation in these patients.
INTRODUCTION
Head and neck cancers are the third most common cancers worldwide, accounting for more than 550,000 cases annually. 1 Radiation therapy along with chemotherapy forms the cornerstone of treatment for head and neck cancers. However, the toxicities of treatment are often severe and difficult to manage. 2 Oral mucositis is the most common toxicity seen in patients with head and neck cancer who are being treated with chemoradiation, which not only impairs their function and quality of life but also affects their survival and outcomes from the disease. 3 This toxicity manifests as progressive thinning of the oral mucosa to form erythematous patches and finally leads to ulceration with severe pain and swallowing disability. At this point, radiotherapy is interrupted, chemotherapy is withheld, and potent analgesics or Ryle tube feeding becomes mandatory. Although several agents have been tried, there is no standard guideline or recommendation for the treatment of chemoradiation-induced oral mucositis in head and neck cancers.
Glutamine is a conditionally essential amino acid critical to the regulation of protein synthesis, cellular energy, respiratory fueling, and signaling in cancer cells. The skeletal muscle accounts for 90% of the glutamine synthesized in the body, with the rest released by the lungs and the brain. 4 Several experiments in animal species have shown that depletion of plasma glutamine levels is associated with edema, ulceration, and patchy necrosis of the intestinal mucosa. 4 In catabolic states of injury or during periods of rapid growth or stress, glutamine becomes conditionally essential, and oral supplementation is necessary.
5 Some studies have also highlighted the use of oral glutamine supplementation to reverse cancer-related cachexia and other debilitating conditions. 6 Huang et al 7 showed that oral glutamine significantly reduces the onset and severity of mucositis during radiotherapy. A review by Silverman showed that glutamine supplementation can reverse cellular damage caused by chemoradiation and that it thus accelerates recovery. Hence, we proceeded to conduct an institutional study to demonstrate the role of oral glutamine in the management of chemoradiation-induced mucositis in head and neck cancers.
MATERIALS AND METHODS
From December 2013 to December 2014, we enrolled 162 patients who had histopathologically proven squamous cell carcinoma of the head and neck who were treated at the Department of Radiation Oncology, A.H. Regional Cancer Centre, Cuttack, India, for the study. It was approved by our institutional ethics committee, and informed consent was obtained from all the patients. From the onset of the study, all patients who had squamous cell carcinoma of the head and neck were examined for eligibility. Patients who fulfilled the eligibility criteria were offered study participation. After we obtained consent, consecutive patients were randomly assigned one after the other into either treatment arm A, which was the glutamine arm, or arm B, which was the control arm. Because the study protocol had determined an equal number of patients for each arm of the study, a block randomization protocol (ie, AABB, ABAB, BABA, and so on) was used. Individual patients were randomly assigned to any of the preset block sequences by using a random-number table, until the total number of 162 patients were accrued. To avoid bias, the randomization sequence was obtained in sealed envelopes from a statistician. The inclusion criteria were the following: histopathologically proven squamous cell carcinoma of the head and neck; primary tumor in stage T2, T3, or T4; regional node of any N status; distant metastases absent; age 20 to 80 years; Eastern Cooperative Oncology Group (ECOG) performance score (PS) of 0 or 1; normal hematologic and biochemical parameters; and willingness to fulfill the study requirements and give consent.
Exclusion criteria were the following: previous surgery in the head and neck, previous chemotherapy or radiotherapy, uncontrolled systemic or widely disseminated disease, presence of a synchronous double primary malignancy, or simultaneous participation in another clinical trial. As a part of our institutional protocol, postoperative patients with head and neck cancer receive 66 Gy in 33 fractions, whereas those receiving radical chemoradiation are treated with 70 Gy in 35 fractions. In this study, all 162 patients in both the arms received exactly the same treatment. They were treated with concomitant chemoradiation, which included 70 Gy of external-beam radiotherapy in 35 fractions given with a shrinkingfield technique on Monday through Friday over 7 weeks. Every Monday, they received an injection of cisplatin 40 mg/m 2 .
Patients in arm A were advised to swish the oral glutamine, which was given as 15 g in a glass of water, for 2 minutes and then swallow it; this was done twice per day throughout treatment.
Patients in arm B served as negative or control subjects. Every Tuesday on a once-per-week basis, all patients were evaluated for the onset of mucositis; severity of mucositis; appearance of adverse events like dysphagia, nausea, edema, cough, and pain; use of analgesics to alleviate pain; and insertion of a nasogastric tube to maintain nutrition if they had severe swallowing difficulty. All patients in both arms completed chemoradiation. There were no dropouts in either arm, but a treatment delay occurred in patients who developed mucositis.
RESULTS
A total of 162 patients with squamous cell carcinoma of the head and neck were treated with radical chemoradiation and evaluated for the study. Their baseline profile including demographic parameters, clinicopathologic parameters, and PSs is shown in Table 1 . Age, sex, and addictions to smoking and chewing tobacco were similar in both the arms. Diagnosis and treatment parameters like site, degree of differentiation, stage of the tumor, and histopathology of all tumors being squamous cell carcinoma were also similar in both arms. ECOG PSs in both groups of patients were also comparable. smoked and used alcohol. Fifty-seven percent of patients who had an ECOG PS of 1 compared with 51% patients who had an ECOG PS of 0 developed mucositis at the fourth week. Table 3 shows the number of chemotherapy cycles received and the duration of treatment in each arm. Fifty-seven percent of patients in the glutamine arm received six cycles of injected cisplatin, whereas none of the patients in the control arm could complete six cycles of chemotherapy. However, a maximum number of four cycles were completed by 56% of patients in the control arm.
Ninety-five percent of patients in the glutamine arm completed treatment within the stipulated period of 7 weeks, whereas only 17% patients in the control arm completed treatment within 7 weeks. Twenty-four percent of patients in the control arm continued treatment beyond 8 weeks.
The onset and development of mucositis after various weeks of radiation as well as the severity of mucositis in both the arms are shown in Table 4 . Fifty-five percent of patients in the glutamine arm developed mucositis at the fifth week, whereas 55% of patients in the control arm developed mucositis at the third week.
Thirty-five percent of patients in the glutamine arm developed mucositis at the sixth week, whereas 54% patients in the control arm developed G2 mucositis as early as the fourth week. None of the patients in the glutamine arm developed G3 mucositis at any point, whereas 92% of patients in the control arm developed mucositis at the sixth week. Figure 1 demonstrates the cumulative incidence rate of G2 and G3 mucositis in both the arms.
The appearance of adverse events like pain, dysphagia, nausea, edema, and cough, as seen in the sixth week is shown in Table 5 . Although 68% patients in the glutamine arm developed pain, 100% of patients in the control arm developed pain. Sixty-three percent of patients developed dysphagia in the glutamine arm, whereas 100% of patients developed dysphagia in the control arm.
In the sixth week, 6.1% patients developed nausea in the glutamine arm, whereas 40.7% of patients developed nausea in the control arm. Similarly, 6.2% patients developed edema in the glutamine arm, whereas 30% of patients developed edema in the control arm. Thirty percent of patients developed cough in the glutamine arm at the sixth week, whereas 58% of patients developed cough in the control arm.
Onset of pain was assessed by using a patientreported pain on a numeric rating scale. None of the patients in the glutamine arm developed pain until the end of the third week, and 63% of patients developed mild pain toward the end of the sixth week. On the contrary, 48% of patients developed mild pain as early as the third week, and 59.2% of patients developed severe pain toward the end of the sixth week in the control arm.
Only 18.5% of patients in the glutamine arm required analgesics, whereas 93.8% of patients in the control arm did so. For G1 mucositis, local anesthetics like oxethazaine, aluminum hydroxide, and magnesium hydroxide gel as well as benzalkonium chloride and lidocaine hydrochloride gel were used. For G2 mucositis, oral paracetamol tablets 500 mg were given three times per day. For G3 mucositis, tramadol 100 mg was given twice per day. None of the patients in the glutamine arm required Ryle tube feeding, whereas 8.51% of patients in the control arm required Ryle tube feeding toward the sixth week.
DISCUSSION
Radiotherapy plays a pivotal role in the treatment of head and neck cancers, and concomitant chemotherapy is frequently indicated for locally advanced head and neck cancers. Oral mucositis is by far the most common toxicity of chemoradiation in head and neck cancers. Not only does it cause severe pain and dysfunction but also it causes severe swallowing defects, which lead to frequent treatment interruptions and delay. This, finally, adversely affects the outcome of the disease.
To date, there are no established guidelines or recommendations for the treatment of oral mucositis induced by cancer treatment. Several guidelines including those of the National Comprehensive Cancer Network recommend basic oral care as a standard practice to prevent infections and alleviate mucositis. 9 Although basic oral care maintains mucosal health, little evidence suggests that it can reduce the onset and severity of mucositis. 10 Agents like N-acetyl cysteine, amifostine, and systemic or topical antimicrobial formulations have been formulated for oral mucositis, though without encouraging results. 11 A phase III Radiation Therapy Oncology Group double-blind study revealed that subcutaneous use of granulocyte macrophage colony-stimulating factor failed to reduce oral mucositis. 12 The recombinant form of fibroblast growth factor called keratinocyte growth factor, or palifermin, has been studied in a phase III study. In a group of patients with hematologic malignancies who required total-body irradiation with high-dose chemotherapy and blood stem cell support, palifermin reduced the onset and severity of oral mucositis. Therefore, the US Food and Drug Administration has approved palifermin for this particular indication alone. 13 Glutamine is a conditionally essential amino acid that is critical for the regulation of protein synthesis, respiratory fueling, cellular energy, and cancer cell-signal pathways. Glutamine reserve is depleted when the body is under great stress or during chemotherapy or radiotherapy. During this time, glutamine supplementation prevents mucosal damage and helps to maintain the metabolic milieu. A study conducted by Huang et al 7 demonstrated that oral glutamine supplementation decreases both the onset and severity of mucositis during radiation.
In another study conducted by Savarese et al 14 , glutamine was combined with an advanced drugdelivery system involving a swish-and-swallow technique. The drug protected the mucosa from damage caused by chemotherapy or radiotherapy. Cockerham et al 15 used oral glutamine supplementation in 21 women with metastatic breast cancer who were treated with high-dose paclitaxel and melphalan. Patients who used glutamine experienced a decrease in the severity and duration of oral mucositis.
In this study, we evaluated 162 patients with locally advanced head and neck cancer treated with concomitant chemoradiation. From our analysis, 1.2% of patients in the glutamine arm versus 55.5% of patients in the control arm developed mucositis at the end of the third week. At the sixth week, 34.5% of patients in the glutamine arm developed G2 mucositis, and none of the patients developed G3 mucositis. However, in the control arm, 54.32% of patients had G2 mucositis as early as the fourth week, and 92.35% of patients had G3 mucositis by the sixth week.
Rates of adverse events like pain, dysphagia, nausea, edema, and cough were significantly higher in the control arm than in the glutamine arm. Pain was assessed by the Patient Reported Pain Scale (NRS -11). None of the patients in the glutamine arm developed pain until the third week, and 63.4% of patients developed mild pain in the sixth week. Forty-eight percent of patients in the control arm developed mild pain at the third week, and 59% of patients developed severe pain from the fifth week onward. The use of analgesics in was significantly higher in the control arm than in the glutamine arm. None of the patients in the glutamine arm required Ryle tube feeding, whereas 8.5% of patients needed it at the sixth week.
In conclusion, all patients with head and neck cancer who received chemoradiation developed mucositis. However, the onset of mucositis as well as the severity of mucositis in patients receiving glutamine supplementation was significantly delayed. None of the patients receiving glutamine developed G3 mucositis during treatment. Hence, the current study emphasizes the use of oral glutamine supplementation as a feasible and affordable option for treatment of oral mucositis in patients with head and neck cancers who are receiving chemoradiation. 
